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The skin-reacting antigen of T. purpureum was prepared, and some of its
properties that have bearing on certain peripheral vascular disorders were
studied. The skin-reacting principle of this fungus appears to be a nitrogen-
containing substance that is attached to a polysaceharide. The skin reactions
of patients with those peripheral vascular diseases that are characterized by
thromboses and by lesions that resemble the Arthus phenomenon (4) are de-
scribed briefly in this preliminary report.
The strain of T. purpureum was obtained from a gangrenous toe of a patient
(TJhlrig) with thrombo-angiitis obliterans. The organism was grown on liquid
hrney-peptone medium2 until the mats were thick and sturdy, and they were
then extracted with acetone after grinding in a Waring mixer. The acetone-
dried powder served as the crude stock material from which future extracts
were subsequently made; in the routine tests by its extraction with 0.9% NaCl
solution, and in other experiments the crude extract was subjected to purifica-
tion procedures.
The acetone-dried powder yielded an extract of high activity and satisfactory
stability, but at first this was thought to be incomplete and therefore unsatis-
factory as a crude antigen, because a considerable amount of a cherry red pigment
was removed by the acetone. A more satisfactory method for preparing a crude
antigen seemed to be one starting with a lyophilized powder of fresh organisms.
This preparation was made, but extracts of this powder gave oniy weak skin re-
actions in sensitive patients. When the leaching was brief and carried out in
the cold, we obtained slightly more active extracts. However, if the lyophilized
powder were first washed with acetone, thereby removing the pigment and other
acetone soluble substances, the remaining material insoluble in acetone contained
atisfactory quantities of the skin-reacting factor.
These studies were not pursued as far as we would like to have carried them,
but we gained the impression that a substance that inactivated the skin-reacting
factor was removed in the acetone, and that once the skin-reacting factor was
freed from this possible enzyme it was highly stable. The following properties
of this pigmented material were observed: its color was yellow at a pH below
5.6, and as the pH rose, the pigment turned orange, and then toward 7.6 it was
cherry red. The color deepened and became a purple and finally lavender as
the pH was raised above 8. The yellow solution at pH 5.0 or thereabouts could
be turned purple by bubbling oxygen through the liquid. There was therefore
1 From the Department of Surgery, Yale University School of Medicine; aided by funds
from the Mary R. Markie Foundation and Yale University.
Read at the Fifth Annual Meeting of the Society for Investigative Dermatology, At-
lantic City, N. J., June 9, 1942.
2 10 gm. "bacto" peptone and 60 cc. strained liquid honey in 1 liter of distilled water.
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suggestive evidence to the effect that this pigment is a type of indicator and pos-
sibly also an oxidation enzyme.
In patients sensitive to trichophytin our crude skin-reacting factor produced
all of the conventionally described reactions, namely, an occasional immediate
reaction, the delayed tuberculin-like reaction, and in the prepared patients the
accelerated reaction.
Certain skin test areas in patients were excised, and the histopathologic find-
ing was noted to be characteristically one of increased vascularity and edema of
the corium, with slight and in some cases fairly marked evidence of hyperplasia
of elements of the walls of capillaries and lymphatics. There was also a slight
to very marked perivascular infiltration with mononuclears and lymphocytes.
In the more intense reactions there was diapedesis of red cells and some slight
polymorphonuclear infiltration.
In the edematous legs or in a swollen arm the reaction was much more hemor-
rhagic and intense in appearance than in the normal part, although histopatho-
logically it was the same. In the swollen leg the reaction at first was small
but intense, looking like a petechia. The area of reaction then diffused and en-
larged in all directions, slowly subsiding in the center. In some of these tests
where small doses were given the reaction in the leg would remain as long as 14
to 21 days, while that in the patient's normal arm would have disappeared in
less than a week. In one instance a reaction in a swollen leg persisted for two
months, and then disappeared within ten days after the patient wore a well
fitted elastic stocking. Such areas showed signs of hemosiderin deposition after
the test had faded. These observations indicate the likelihood that the antigen,
being retained in the sluggish extracellular fluid, has an opportunity to react
for a long period of time, and thereby to produce a more intense and lasting
effect than it would if it were removed promptly via the lymph. These obser-
vations would also seem to show that the antigen is not destroyed in these tis-
sues, but to establish this point one would want more proof than this.
Evidence was obtained which indicated that suitable doses of the skin-reacting
factor injected intradermally caused flares of certain forms of the diseases known
as thrombo-angiitis obliterans, postphlebitic induration, and "phiebitic" or
"varicose" eczema. Two striking examples of flares of migrating phlebitis in
cases of thrombo-angiitis obliterans were noted in these studies. In one of these
cases the flare was produced deliberately on two separate occasions. Flares of
the dermatitis were produced repeatedly in patients with "phlebitic eczema"
(dermatitis hypostatica) The flares in cases in post-phiebitic induration were
equally dramatic. The difficulties in these studies were that the inflammatory
reaction in the flared areas was so disabling that attempts could not be made,
as one would have desired, to repeat them with other antigens.
There is evidence from our knowledge of other skin test interrelationships
that other antigens, which stimulate the immunization processes, might also
produce a flare of the sensitized tissues. For example, one of these patients with
thrombo-angiitis obliterans who had a strongly positive skin reaction to Epi-
dermophyton floccosum noted the following sequence: the skin test had dis-
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appeared for approximately two weeks when he contracted the grippe; approxi-
mately a week after this, as he was beginning to recover, he noticed that the
skin test had returned in full bloom and there was also an increase in the symp-
toms in his extremities. We have come to expect this not uncommon type of
flare to be produced by a systemic infection in these cases, and have noted a
similar reaction in the cases with extensive dermatomycosis uncomplicated by
vascular disease.
These studies, which need to be amplified, demonstrate a relationship be-
tween dermatomycosis and the peripheral vascular diseases mentioned, and lend
some verification to the impression of surgeons who have long recognized that the
skin disorders exert an unfavorable influence on the outcome of these vascular
diseases. Whether or not the mycosis represents a primary lesion of the vascular
disease is as yet undertermined. It might be possible that the mycosis provides
a starting point for the tuberculin-type of allergy which widely spreads through
the subcutaneous tissues and peripheral perivascular lymphatics, and this fixed
tissue reactivity would thereby become a base for the interaction of other anti-
gens which would augment the disease, producing the final syndrome as known.
The first step in gaining a sounder understanding than we now have of the
disease, dermatomycosis, would appear to be a study of the chemical properties
of the active principle of the skin-reacting antigen. We have no means of
knowing how many antigens there may be, produced by the Trichophyton or
other dermatophytes in the tissues. The skin-reacting factor obviously is only
one of the antigens. The evidence as to whether or not the body produces an
immunity to the skin-reacting factor is highly conflicting, and we may find as
we have with tuberculin that there is no real immunity to this substance; yet the
body may produce immunity to certain other factors of the fungus. The de-
velopment of methods to inactivate or to remove quantitatively the skin-reacting
antigen would be a primary step in the unravelling of these unknown factors.
The present chemical studies of the skin-reacting factor may be briefly de-
scribed, as follows: the crude acetone-dried powder was extracted with alcohol
and ether, desiccated and ground in a ball mill. From this material a poly-
saccharide was extracted after the method of Bloch and co-workers (1). In our
studies ethyl alcohol was used rather than methyl. The polysaccharide was
relatively insoluble in water, but with the addition of small amounts of phos-
phoric acid it was brought into solution readily. This procedure may have
partially hydrolyzed it. After repeated extractions and washing with ethyl
alcohol, the soluble polysaccharide was subjected to the purification procedure
of Heidelberger et al. (2). This was essentially a repeated shaking of the aqueous
solution with chloroform and butyl alcohol and a discarding of the material that
settled out on the interface of the emulsion. After repeating this procedure
many times the polysaccharide was washed with glacial acetic acid in the pres-
ence of sodium acetate, and finally with alcohol-ether and ether, and was dried
in vacuo.
The resulting fine, white powder was highly active, giving a positive skin re-
action in doses of approximately 50 gammas. It contained no nitrogen, phos-
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phorus, or sulfur on micro analysis, and there was a negative Fehling's test
before hydrolysis and a strong one after hydrolysis. The hydrolsate yielded
an osazone resembling glucosazone, and the hydrolysate yielded 75% of the
weight of polysaccharide in reducing sugar calculated in terms of glucose. The
ash was 1.8%. This complex sugar was taken to represent a partially hy-
drolyzed polysaccharide of the organism. The original fairly insoluble poly-
saceharide hydrolyzed to yield a much higher percentage of glucose-like sugar,
almost 100%. We did not have a determination of the ash content, so the cor-
rected value was not obtained. This polysaccharide had approximately the
same skin reacting activity as the more soluble partially hydrolyzed poly-
saccharide.
By another method, which aimed to extract a golden brown substance which
had been discarded in the previous extractions, we obtained another fraction
with entirely different properties. This material was soluble in 1 volume of
acetone, but most of it was precipitated by more than 2 volumes. At pH 5.6
by repeated precipitation from both acetone and ethyl alcohol there was obtained
a highly soluble brown powder that gave a weak reducing reaction with Fehling's
solution, and after hydrolysis approximately 25% of its weight was in the form
of a glucose-like sugar. This material contained nitrogen. It gave positive
skin reactions in doses of less than 50 gammas.
The same type of extract was obtained from the substrate upon which the
organisms were grown. From this a minima], amount of the polysaccharide
was obtained, but there was a large yield of the golden brown material. After
repeated precipitations this fraction obtained from the substrate was found to
give a slightly positive Fehling's test, but not enough sugar was present after
hydrolysis to give a value on the same scale as the polysaccharide of the other
fractions. There was approximately 7% nitrogen. The non-precipitable mate-
rial, after adding 10% trichloracetic acid, gave 5.7% of nitrogen. In other tests
where sulfosalycilic acid was added no visible precipitation occurred. This
nitrogen-containing substance yielded positive skin tests in doses as small as
1 gamma.
The nitrogen-containing substance was highly soluble in water, and readily
diffused through a collodion membrane. It was also completely stable to boiling
in distilled water, but was destroyed after boiling in dilute mineral acid for more
than two hours. The highly soluble nitrogen-containing substance gave the
following qualitative tests: sodium fusion—sulfur, nitrogen, and phosphorus—
present; ninhydrin, strongly positive; Br2 in CC14, negative; FeCl3 test, negative;
Schiff's test, negative; reaction with acetyl chloride, no noticeable heat de-
veloped; Hopkin's-Cole reaction, negative; Folin-Marenze tyrosine test, very
faint; Biuret test, muddy green; Seliwanoff's reaction for ketoses, negative;
orcinol test for pentoses, negative. The relatively insoluble polysaccharide
was not diffusible through a collodion membrane and gave negative tests for
pentoses, ketoses, and an equivocal test for uronic acid.
We interpreted this information to indicate that in the organism the nitrogen-
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containing substance, which is probably the skin-reacting factor, is in close
chemical union with the polysaccharide. The two probably can be separated
by reasonably simple chemical means. The nitrogen-containing substance is
extraordinarily stable to ordinary simple laboratory procedures and probably
is amenable to organic analysis.3
The extreme stability and the high degree of skin-reacting activity of this
factor when free from the pigment, which may inactivate it, offer clues to the
difficulty that the clinician may expect to encounter when he tries to free a
highly sensitive patient from the disease. If these interpretations are correct,
the need to devise methods to inactivate this antigen are apparent. Once the
skin-reacting factor is disposed of or inactivated, the immunological properties
of extracts, such as have been proposed by Peck and co-workers (3) might be
studied with some hope of success. It would seem that in the treatment of
these disorders caused by the Trichophyton, a method devised to inactivate the
antigen in vivo would be as desirable or perhaps more effective than a fungicide.
We were unable to carry out any very exact studies of the total amount of
active antigen in a given quantity of acetone-dried powder because we iacked
efficient methods. However, we were impressed by the enormous quantity of
skin-reacting factor in the organisms, for approximately of the weight of the
powder was obtained in the form of a crude preparation which gave positive
skin reactions in doses of 50 to 100 gammas. The active substance in pure
state probably represents only a small fraction of this material, but it must have
extraordinary activity. Therefore one must expect, since the fungi in the
tissues are of relatively large size, that an efficient fungicide in killing them might
liberate a sufficient quantity of antigen to cause a serious flare in the primary foci
and possibly systemically or in the "ids." This type of reaction would resemble
the Herxheimer phenomenon and might account for some of the unfavorable
reactions known to follow the local use of fungicides.
$UMMAJtY
The author has presented a preliminary report on studies of the properties of
the skin-reacting antigen of Trichophyton purpureum. Unusual skin reactions
in the lower extremities and the presumed flare of certain peripheral vascular
disorders were described. Chemical studies of the antigen led to the conclusion
that the active principle is a nitrogen-containing substance attached to a poly-
saccharide. The nitrogen-containing substance is extraordinarily stable.
Note. The material which is the subject of this preliminary report could not
be prepared in detail for this publication because of certain wartime duties of
the author.
One notices the resemblance of the chemical relationships of these substances in this
fungus to the yellow oxidation enzyme of animal tissues. Riboflavin is a chromophoric
nucleus attached to d-ribose combined as the phosphoric acid ester with a protein. In the
fungus we have a short chain of glucose (?) molecules, a group simpler than glycogen or
starch, attached to a nitrogen-containing substance simpler than a protein, and this com-
plex is closely associated with an oxygen-carrying pigment.
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